Data are lacking regarding age-related modifications of phase I (PhI) of pulmonary 2 O V  on-kinetics during moderate-intensity exercise. We studied 3 groups (aged 20-30, 40-50, and 60-70 years) of 10 normal subjects, who underwent one incremental and 4 below-gas exchange threshold constant-power cardiopulmonary exercise tests. Data 0.056, p < 0.01).
Introduction
Phase II of pulmonary oxygen uptake ( 2 O V  ) on-kinetics during moderate-intensity constant-power exercise has been found to slow down with advancing age, presumably due to an impaired capacity of both the circulatory system to deliver O 2 delivery dependence, phase I has been reported to be longer in patients suffering from pathological conditions affecting cardiac output increase during exercise, such as chronic heart failure, congenital heart disease, pulmonary vascular disease, and heart transplantation (12,41,43,48,50,52), as a direct consequence of the prolonged blood transit time from exercising muscles to pulmonary capillaries. As cardiac output increase during exercise is known to be impaired as a result of the ageing process also in healthy subjects (11,42,54), we reasoned that a progressive lengthening of phase I with increasing age would be expected.
If this were the case, a lengthening of phase I could influence the phase II fitting accuracy. Indeed, in studies aimed at evaluating the vice versa, the broader the difference between such a fixed interval and the real phase I duration, the more phase II unrelated data would be included in the fitting window, thereby probably reducing the model goodness of fit during the transition phase.
The aim of this study was thus to evaluate in three groups of healthy subjects of different age (young, middle-aged, and elderly) the duration and amplitude of phase I of 
Methods

Ethical approval
This study conforms to the standards set by the latest revision of the Declaration of Helsinki. The protocol was approved by the Central Ethics Committee of the S. Maugeri
Foundation and informed written consent was obtained from all participants.
Study population
Thirty healthy male subjects agreed to participate in the study. Recruitment criteria were as follows: 1) no history of cardiac or noncardiac disease; 2) normal resting ECG; 3) cardiopulmonary exercise test stopped for fatigue and/or dyspnea with peak respiratory exchange ratio of ≥1.10; 4) absence of any formal training in addition to habitual daily activities; 5) age within one of the following ranges: 20 to 30 years (20-30 group), 40 to 50 years (40-50 group), and 60 to 70 years (60-70 group). Each of the three age-groups was composed of 10 subjects.
Anthropometric evaluation
Three skinfold thicknesses were measured according to standard procedures (23) by means of a Lafayette caliper. The skinfold sites used were chest, abdomen, and thigh.
Body density was calculated using the Jackson-Pollock prediction equations for white male adults (46) and percent body fat was determined by the Siri formula (46).
Habitual physical activity level evaluation
An activity score defining the intensity of habitual physical activity was calculated as previously described (44). Briefly, the activity scoring system is interview-based and 
Ramp incremental exercise test
After a 1-min unloaded-cycling warm-up period, a ramp protocol of 15 or 20 W/min at a pedaling rate of 60 revs/min was started and participants were encouraged to exercise until exhaustion. Respiratory gas exchange measurements were obtained breath-bybreath using a computerized metabolic cart (Vmax29; Sensormedics; Yorba Linda, CA, USA 
Moderate-intensity constant-power exercise tests
During a period of one week following ramp cardiopulmonary exercise testing, all subjects performed 4 moderate-intensity constant-power exercise tests with respiratory gas exchange measurement, at a power equal to 80% of the GET power. Following a 2-min resting baseline period, subjects started pedaling at the established power, which was maintained for 8 minutes at a pedaling rate of 60 revs/min. Tests were performed on 2 separate days at least 48 hours apart; the 2 tests performed on the same day were separated by a 30 min resting period to allow cardiovascular and metabolic measures to return back to pre-exercise, baseline levels.
Data analysis and modeling
For modeling of 2 O V  on-response, breath-by-breath data were derived from the Sensormedics Vmax29 metabolic system and analyzed using a software specifically developed by the Bioengineering Service of our Institute.
Breath-by-breath 2 O V  signals of each of the 4 constant-power tests were resampled with a 1-s sampling rate; the transitions were then time-aligned and ensemble averaged to provide a single response for each subject. In so doing, according to Lamarra et al.
(36), the 95% confidence limit for kinetics parameters estimation was reduced to one half of that associated with the analysis of a single transition. As the ventilatory response can affect the accuracy of phase I description, both the number of breaths and the increase of ventilation with respect to the resting value during the first 30 s of exercise were evaluated in the 3 study groups. O V  data of each subject using 2 different fitting strategies: 1) fitting window starting from the directly determined PhI-IItr ('experimental' fitting strategy); 2) fitting window starting after a fixed 20 s interval from exercise onset ('fixed-duration' fitting strategy) (Fig. 1 ).
For goodness of fit comparison, the standard error of the fit was calculated in both models over a period equal to 4 time constants (i.e. 98% of the response), as differences
in residuals variance between the two fitting strategies were assumed to occur mostly during the transient phase rather than over the steady-state (see residuals in Fig. 1 The estimated CO change during phase I (PhI ΔCO) was expressed as the difference between Rest CO and PhI-IItr CO. In addition, the incremental ratio between changes in CO and time during phase I, which represents dimensionally the average pulmonary blood flow (i.e. CO) acceleration during PhI (PhI AFA), was also calculated as: On the basis of available data (24,41,43,61), for one-way analysis of variance evaluating differences in mean PhI duration among the 3 study groups, the smallest difference physiologically worth detecting was considered to be 15%; accordingly, for such an effect size and a two-tailed α value = 0.05, a sample size of at least 6 subjects for each of the 3 study groups was required to yield a statistical power of ≥80%. The StatView Englewood, NJ, USA) software packages were used for statistical calculations.
Results
Demographic and ergometric characteristics
The study groups had by design significantly different mean ages and were well matched as to weight and body mass index, whereas percent lean body mass mean values were significantly lower in the 60-70 compared to 20-30 group ( Table 1 ). The level of habitual physical activity, expressed as Activity Score mean value, was similar in all groups (Table 1 were detected among the three study groups ( (Table 3) .
Relationship between PhI duration and phase II fitting strategy 10 s higher when assessed by the fixed-duration vs. the experimental fitting strategy and a clear trend towards larger differences with increasing age. As a consequence, given the age-related increase of PhI duration, a significant direct correlation was observed between the difference of τ values obtained by the two fitting strategies and PhI duration (r = 0.51, p < 0.005). Finally, a significantly higher phase II goodness of fit for the experimental fitting strategy with respect to the fixed-duration one was observed in the 60-70 group (Table 4) , which implies inclusion in the fitting window of more and more phase II-unrelated data with increasing PhI duration (and thus with increasing age) when using the fixed-duration strategy.
Discussion
The main findings of this study were that: 1) phase I of pulmonary 2 O V  on-kinetics during constant-power moderate-intensity exercise, when directly estimating PhI-IItr using gas exchange indices, shows a progressive lengthening over age in healthy male humans; 2) such a lengthening is associated to a progressive decrease of the average pulmonary blood flow acceleration during phase I with increasing age, but is independent of cardiac output increase during phase I. PhI duration seems thus to be linked to the rate -and not the amount-of cardiac output increase at exercise onset; 3)
given the age-related phase I prolongation, using a PhI duration changes over age (Fig. 2) . The existence of a link between PhI duration and the exercising muscle-to-lung blood transit time is supported by the finding of a significant inverse relationship between the average pulmonary flow acceleration (i.e. the rate of cardiac output increase) during phase I and PhI duration (Fig. 3) Gray circles = 20-30 age-group; black circles = 40-50 age-group; white circles = 60-70 age-group. Mean (s) 
